Epigenetics, and especially DNA methylation, have recently become provocative biological explanations for early-life environmental effects on later health. Despite the large increase in papers on the topic over the last few years, many questions remain with regards to the biological feasibility of this mechanism and the strength of the evidence to date. In this review, we examine the literature on early-life effects on epigenetic patterns, with special emphasis on social environmental influences. First, we review the basic biology of epigenetic modification of DNA and debate the role of early-life stressful, protective, and positive environments on gene-specific, system-specific, and whole-genome epigenetic patterns later in life. Second, we compare the epigenetic literatures of both humans and other animals and review the research linking epigenetic patterns to health in order to complete the mechanistic pathway. Third, we discuss physical environmental and social environmental effects, which have to date, generally not been jointly considered. Finally, we close with a discussion of the current state of the area's research, its future direction, and its potential use in pediatric health.
T
here is a large body of research that examines the link between the social environment (i.e., individual and community-level characteristics (1) ) and health. More recent has been the rapid increase in work focusing on epigenetics, and especially DNA methylation, as a mechanism by which the social environment can affect health. Strong evidence suggests that the social environment modifies important epigenetic patterns that play a role in later health, wellbeing, and behavior (2) (3) (4) . This review describes some of the recent work in this area, but first reviews DNA methylation (its biological functions and measurement) and then outlines some of the research hurdles and opportunities.
BIOLOGY OF METHYLATION
The epigenome refers to all heritable information that does not originate in the sequence of DNA. In this context, we use "heritable" to refer to information that is transmissible to daughter cells during cellular replication rather than to transgenerational inheritance. Within the epigenome are histone modifications (acetylation, methylation, and others), DNA methylation, and possibly noncoding RNA. The human body is composed of at least 400 different cellular types, and despite having the same DNA, different cell types have distinct gene expression (mRNA) patterns (5) . The major effector of cellular diversity and differentiation is the regulation of mRNA transcription; epigenetic modification of DNA and histones is a key modulator of this process. One potentially exciting property of the epigenome is that, unlike the DNA sequence, it may be modified by environmental and pharmacological interventions, providing the potential for reversing the effect of adverse life events on later health and wellbeing (6) .
Recall that DNA is organized as a linear polymeric molecule, in which the four nucleotides (deoxyadenosine triphosphate, A; thymidine triphosphate, T; deoxyguanosine triphosphate, G; deoxycytosine triphosphate, C) form the DNA polymer through a phosphodiester bond. The flow of information in a cell (according to the Central Dogma) goes from DNA to messenger RNA (mRNA), to protein. Genes are arrayed along chromosomes, and a gene can be viewed as consisting of the arrangement of base sequences that specifies a complementary mRNA, and, therefore, a specific protein, together with those nearby DNA sequences that determine when and to what extent the gene is transcribed into RNA.
At the 5′ end of the gene is a sequence of bases termed the promoter. Binding of these proximal control elements by a series of transcription factors activates the process by which RNA polymerase synthesizes a complementary strand of mRNA. After the primary RNA copy of the gene is synthesized, significant processing takes place. Following export from the nucleus of the cell, the mRNA is engaged by a ribosome and used as a template for synthesis of a polypeptide chain.
The regulation of mRNA transcription is a key mechanism by which the cell regulates the amount and nature of mRNA and proteins to meet the requirements of specific cell types and cell functions.
Changes in cellular functions occur though biochemical modification of protein structure (phosphorylation, enzymatic cleavage, other modifications). In addition, upon receipt of an appropriate signal, the cell can deploy or withdraw specific transcription factors within minutes, thereby rapidly modulating the mRNA transcription of specific genes and hence the expression of their protein products. This type of signaling response is rapid, and easily reversible. Epigenetic changes to DNA also modulate transcription by altering chromatin DNA methylation and health Review structure and transcription factor accessibility. Changes in DNA methylation are generally construed to be stable and to exert effects over a sustained period. Recently, this view has been supplemented by studies that provide evidence for rapid alterations in DNA methylation in response to signaling events in the central nervous system. Of particular relevance to this discussion, a growing literature identifies changes in DNA methylation as critical to synaptic plasticity, learning, and neurogenesis (7) . Further, neuronal activation has been associated with rapid changes in DNA methylation, and with associated changes in mRNA expression (8) .
DNA METHYLATION
Many regions of genes, including their promoters, enhancers, and silencers contain dinucleotides consisting of cytosine alternating with guanine (abbreviated CpG). Areas in which the proportion of CpG's is greater than statistically predicted are termed CpG islands. Wherever a CpG occurs, the C is susceptible to being modified by one of a number of DNA methyltranferases through the addition of a methyl (CH3) group (forming 5-methylcytosine, 5mC) (9). 5-methylcytosine is successively oxidized by the ten-eleven translocation (Tet) family proteins to form 5-hydroxymethylcytosine (5hmC), 5-formylcytosine (5fC) and 5-carboxylcytosine (5caC) (10-12) (Figure 1) . Thymine DNA glycosylase can excise 5fC or 5caC and replace it with unmethylated cytosine by base excision repair (13) . Standard bisulfite-based approaches for detecting methylated cytosine do not distinguish between 5mC and 5hmC, and until recently this had limited the field's appreciation of the role of 5hmC in moderating gene expression.
The promoters of many housekeeping genes contain CpG islands, and methylation of these sites attenuates or halts transcription. Since the addition of a methyl group to cytosine is a covalent reaction, it may be an enduring change; furthermore, the DNA replication apparatus has mechanisms for ensuring that the corresponding CpG is methylated in daughter cells, helping to assure a stable phenotype across generations of cells.
Clusters of variably methylated CpG residues are found not only in promoters, but also interspersed within genes, along intergenic regions and within silencers and enhancers. The role played in cellular physiology by methylation of these other CpG sites is the subject of considerable research, and they may be more important in controlling transcription of many genes than the CpG islands. In addition to other mechanisms for regulating RNA expression, noncoding RNA transcripts also alter gene expression by DNA methylation regulation; for example, by forming a triplex with DNA and recruiting DNA methyltransferases to silence rRNA genes (14) or activation of specific genes by inhibiting DNA methyltransferase through direct interaction (15) .
The methylation of DNA is just one way in which a cell can create an epigenetic mark. DNA is tightly coiled around highly basic proteins called histones. One effect of this winding is to greatly compress the DNA, allowing it to be packaged into a cell nucleus. Fully extended, the DNA of a chromosome would extend about 75 mm but in its compact (heterochromatin) state it is about 5 µm. Often, when DNA is tightly wound on a nucleosome, DNA regulatory sites (such as the promoter) become inaccessible to transcription signals, and the affected genes become silent. Histone proteins have several sites at which they can be covalently modified, principally by methylation or acetylation. The effect of histone modification may be to unwind the DNA, thereby freeing regulatory sites for interactions with various transcriptional activator proteins. In addition, histone marks may directly affect transcription, through interactions with regulatory proteins. As is the case with DNA methylation, the cell is able to duplicate the histone marks on newly synthesized histones that are destined for daughter cells. Thus, histone-based epigenetic marks are heritable even though they are not coded in the DNA.
While epigenetic marks are heritable from parent cell to daughter cell, this does not entail that in multicellular organisms, such as humans, most epigenetic marks are transferred directly from parent to child. During the process of gamete formation epigenetic marks are cleared; imprinted genes are remethylated prior to fertilization, and each generation has been thought to develop a new set of epigenetic marks in response to environmental signals and associated with differentiation. There are two well-established mechanisms by which epigenetic marks can be "transferred" to a new generation. First, epigenetic signals that modify parental behavior or physiology can affect the postnatal environment of the offspring, shaping their behavior through epigenetic effects. Second, an environmental signal delivered to a pregnant female can simultaneously affect the epigenetic patterns of three generations: the pregnant female (F0), the fetus (F1), and the germ line cells of the F1 fetus (F2). Neither of these is an example of true transgenerational epigenetic inheritance, although both of these mechanisms may be very important for the health of succeeding generations.
The first mechanism is illustrated by the work of Weaver, Meaney, et al. (16) , who showed that variations in maternal care can serve as the basis for an epigenetic behavioral transmission of individual differences in stress reactivity across generations, probably through epigenetic programming of the expression of hippocampal growth hormone receptors in the offspring (reviewed in refs. (17, 18) ). Notably, the epigenetic, gene expression, and hypothalamic-pituitary-adrenal stress axis effects could be pharmacologically reversed by infusion of a drug that affects histone acetylation, lending further support to the concept that this epigenetically-induced change in expression of the glucocorticoid receptor in response to maternal behavior is related to changes in chromatin structure and is causal. While suggestive, because the agent used to reverse methylation in this study (a histone deacetylase (HDAC) inhibitor) induces generalized demethylation (16), it is not possible to formally ascribe reversion of phenotype to changes at a particular CpG locus; proof that epigenetic changes at a specific CpG residue moderate specific behavioral or physiological traits still awaits demonstration. The second mechanism is reflected in the effects of diethylstilbestrol (DES) administration to pregnant woman. The woman who received DES to prevent miscarriage did not benefit in this regard (F0), but their in utero daughters (F1) developed clear cell adenocarcinoma of the vagina and a number of other serious effects (19) . The daughters' in utero (F1) sons had an increased incidence of hypospadias (20); the daughters' sons (the grandsons, F2) may have an increased risk of hypospadias (21) and there is some evidence of infertility in F2 woman, although this remains to be confirmed (22) . While it is possible that the multiple generation effects observed with DES are a valid example of transgenerational epigenetic inheritance through the germ lines, establishing this would require either that a fourth generation be affected (F3) or that the offspring of DES sons (the F2 generation of males) demonstrate DES-related effects.
There is now some limited evidence for transgenerational epigenetic inheritance of environmentally induced traits through germ line transmission of DNA methylation and histone marks. For example, Carone, et al reported that paternal diet affected promoter methylation and mRNA expression of hepatic genes in the offspring (23) ; this report provides a potential biological mechanism for the otherwise puzzling observation that early paternal smoking is associated with an increase in the sons' weight (24) . Supporting the idea that epigenetic patterning can be transmitted by sperm to succeeding generations, Brunner et al. (25) observed marking of sperm by post-translational modification of histones and their associated protamines. Others have provided a theoretical and experimental context in which histone and DNA signals can be transgenerationally transmitted (26-28). Even so, the role of true transgenerational inheritance remains quite unclear in general, and to our knowledge, studies to examine the potential role of transgenerational inheritance related to social stress have not been reported.
As discussed, at the biochemical level, epigenetics affects transcription and ultimately the protein repertoire of a cell. Epigenetic mechanisms serve four essential cellular roles: (i) X-chromosome inactivation; (ii) differentiation; (iii) imprinting; (iv) medium and long-term transcriptional control (29) . Typically methylation of the promoter region is associated with decreased gene expression, while methylation in other areas (e.g., intergenetic region) is associated with both increased and decreased gene expression (9, 30) . This review focuses on how social and environmental signals shape DNA methylation, presumably through medium and long-term transcriptional control. Imprinting, which is underlies parent of origin inheritance, is based on the differential DNA methylation of genes present on paternal or maternal chromosomes. For example, transmission of a particular deletion on chromosome 15 (q 11-13) from the mother produces Angelman syndrome, while transmission of a similar deletion from the father produces Prader-Willi syndrome, a much different phenotype (31) . Genes such as IGF2 and IGF2R are imprinted (32) , and are also known to be epigenetically modified under certain conditions of prenatal adversity. This leaves open the possibility, as yet untested, that imprinting (i.e., parent of origin effects) plays a role transmission of social or external environmental stress from parent to child. Since sperm are imprinted at Igf2 (32), this also implies that male transmission of stressinduced epigenetic effects are possible (see below). Aberrations in DNA methylation are frequently associated with cancer, but this phenomenon is not within the scope of this review.
EVIDENCE FOR SOCIAL ENVIRONMENTAL EFFECTS ON METHYLATION

Animal Literature
To date, the largest literature on environmental effects on methylation is from animal studies and there are many reviews (2, 4, 17, 27, (33) (34) (35) (36) (37) (38) . In general, the findings suggest that early life stressors significantly modify several epigenetic marks in multiple genes and regions. For example, evidence from animal studies has shown that maternal exposure to drugs, stress, and toxicants can alter epigenetic gene programming in the brain and contribute to neurodevelopmental and behavioral deficits in the offspring (34, 39, 40) . Similarly, maternal separation and maternal stress have been studied to investigate mechanisms of long-lasting effect of stress on adult health and wellbeing as well as their mediation by epigenetic processes (2, 4, 37, 38, 41) . Animals subjected to early postnatal stress display a range of behavioral alterations depending on the type of stressors and their duration (4, 17) . For example, in brain tissue, DNA methylation was found to be altered following postnatal stress in genes regulating the hypothalamic-pituitary-adrenal stress axis: Nr3c1, Avp, Crh, and Crh2 (16, (42) (43) (44) and neurotrophic genes: BDNF, 5HT1A, and Gad1 (45) (46) (47) . Many of these changes were even observable in adulthood (41) . As a specific example, mice that were exposed to chronic and unpredictable maternal separation from postnatal day 1 to 14 were differentially methylated in several candidate genes, including: MeCP2, CB1, and CRFR2 (44) .
The importance of 5hmC, in gene by environment interactions is only beginning to be appreciated. 5hmC-containing DNA has been shown to be enriched in the brain (48) , and is important for neuronal differentiation and pluripotent stem cell reprogramming (reviewed in ref. (49)). In accordance with a role in gene regulation, genome-wide localization experiments show that 5-hmC is associated with enhancers and gene bodies (50, 51) . Recent studies showed that fear extinction in mice results in genome-wide accumulation of 5-hmC in the infralimbic prefrontal cortex (52) . Together with the work on memory, plasticity, and environmental signaling that was cited Review previously, this body of research provides tantalizing clues to how environmental signals may shape both the development of the brain through both rapid and long-term modifications of the central nervous system epigenome.
More recent is the work showing the effect of positive environments on epigenetic patterns. Exposure to stimulating social environments in early life induces epigenetic modifications that influence expression of brain-derived neurotropic factor (BDNF) in adult mice, probably by inducing acetylation of histone residues related to the BDNF gene (53) . Integrating positive early life measures is one avenue we believe could have great promise.
Human Literature
Among the early life social predictors for methylation profiles, child abuse and neglect have received the largest attention in relation to epigenetic patterns (17, 54) . For example, childhood maltreatment was first shown to influence methylation patterns of the glucocorticoid receptor gene (NR3C1) in the brain (55), but has also been shown to be evident in other tissues as well (17, (56) (57) (58) (59) . Indeed recent work suggests that childhood maltreatment may result in many epigenetic changes-into the thousands of CpG sites (60) . However, even broader parenting behaviors, and not just the most extreme, have shown evidence of influencing methylation (4). In fact, the NR3C1 gene is one of the most studied in the literature, with over 40 papers to date-most showing the strong effect of abuse and neglect and a relatively reduced but still discernable effect of other psycho-social measures (18) .
There are several other phenotypes, environments, and epigenetic loci that have been examined (2,4,17,27,33-38,40,61). Here, we provide just a few to demonstrate the range of findings. For example, maternal psychopathology, criminal behaviors, and substance use was associated with greater OXTR methylation at birth (62) This might result in reduced prosocial and bonding behavior later in life (63) . A broad range of maternal stressors in infancy and paternal stressors in childhood influences methylation of several genes (MKRN1, TRDN, PGAM2, PKN1, PGAM2) in adolescence (64). Mother's folic acid intake before and during pregnancy resulted in differential insulinlike growth factor 2 (IGF2) methylation and expression (65) . Increased serotonin transporter gene (SERT, SLC6A4) DNA methylation is associated with bullying victimization (66) .
Prenatal maternal stress affects placental function, and it is likely that in part, these effects are moderated by changes in placental methylation patterns. The long-term effects of epigenetically moderated placenta dysfunction on health and behavior of children is clearly moderated by postnatal parenting choices, and this interaction is a rich subject for additional study (39) . Even broader measures of the social environment such as neighborhoods and larger social groups appear to have some influence on methylation patterns, probably by effects on stress, although to what extent these are permanent changes is still under investigation (18, 34, 35, 41, 57, (67) (68) (69) (70) .
Developmental Timing of Environment Effects
Most of the research on social environmental effects on epigenetics does not explicitly compare the sequence and duration of epigenetic effects, which limits the ability to propose developmentally relevant models. Typically studies do not analyze more than one time period, but a broader look at the whole research area provides some hint at potential developmental differences. For example, in utero environments have received a substantial focus (2, 34) . Fetal programing-or the developmental origins of adult health and disease-has thus become a major focus of epigenetic work (71) . There is substantial evidence that in utero environments appear to have the largest effects on later phenotypes (33, 65, (72) (73) (74) (75) (76) . Sensitivity to environmental influence is observed in later time periods (77,78)-not as significantly as during the fetal period. However, it is important to note that even in adulthood methylation can change; for example social isolation in adult mice modified epigenetic patterns for HDAC1, HDAC3, and SLC6A4 (79).
Social vs. Physical Environment
Although we have focused mostly on social environments, we have mentioned a few studies from the much larger physical environment (physical, chemical, and biological agent exposure (1)) and methylation literature (4, 72, 80, 81) . For example, the physical environment is the primary focus of the majority of studies of the in utero environment, examining measures such as heavy metal exposure, pollution, maternal and neonatal diet, and other toxicant exposure (36, (74) (75) (76) . Interestingly, the social and physical environments are not often studied together despite there being substantial evidence they are correlated and may even interact (36, 81) .
EPIGENETICS AND CHILDREN'S HEALTH
Animal Literature
The literature linking DNA methylation to early life health is significantly smaller, but growing rapidly when compared to the literature on early life events (34, 80) . Most often this work models methylation as a mediator between the social environment and health. For example, variations in maternal care are tied to behavioral differences in rats; the glucocorticoid receptor gene (NR3C1) showed changes in methylation associated with the maternal care and later behavior (16, 55) . Similarly, neonatal handling influences hippocampal glucocorticoid receptors in adult rats through epigenetic modification of NR3C1 (82) . Other behavioral phenotypes are also being studied, such as learning and learned behavior (83) . There are a few more direct studies of methylation on early life phenotypes. For instance, methylation of 5HT1A, which codes the 5-HT 1A receptor seems to affect influences serotonergic signaling, altering social anxiety and social recognition memory (44) .
Human Literature
Like the animal literature, most work using methylation has a limited focus for pediatric outcomes-mostly through mental health and stress reactivity. Most work on mental health and epigenetics is in adults, but some work involving children is beginning to emerge (84, 85) . A growing literature shows that epigenetic patterns are related to depression and depressivelike symptoms, but these are often cross-sectional studies (86, 87) . In one study, OXTR methylation at birth was associated with callous and unemotional traits, but not internalizing behaviors, later in adolescence (62) . Epigenetic changes in ID3, GRIN1, and TPPP genes may confer risk for depression in maltreated children (88) . According to the authors of this study, each of these genes is plausibly tied to stress and neural development, and changes in the expression of these genes could contribute to subsequent depression.
Developmental programing of the hypothalamic-pituitaryadrenal stress axis is another major focus of the epigenetics to pediatric health research (89) . This includes effects on stress reactivity as well as broader psychopathology (67, 77) . For instance, increased serotonin transporter gene (SERT, SLC6A4) DNA methylation is associated with blunted cortisol response to stress in childhood (66) . Further, methylation patterns appear to influence stress resilience throughout childhood development (61, 90) .
MEASURING DNA METHYLATION
Determining whether a specific CpG site is methylated is a relatively straightforward application of sequencing technology or the polymerase chain reaction (PCR), and several approaches are in routine laboratory use. More recently, chip technology has been applied to determine the methylation state of 500,000 to 1 million CpG sites per DNA sample (91) (92) (93) . The advent of hybridization methylation assays has permitted the field to move beyond candidate locus studies to epigenome-wide surveys (84) . In addition, the larger arrays have allowed for other uses of the methylation data including estimating cell type distributions and methylation-determined biological age (94, 95) . A caveat to these technologies is that the common practice of bisulfite conversion, which deaminates unmethylated cytosine to uracil, does not distinguish between 5-methylcytosine and 5-hmC. Fortunately, a number of technologies have been developed to distinguish these modifications (reviewed in ref. (96) ) and some are compatible for use in larger arrays (97) .
HURDLES AND FUTURE DIRECTION
Although the array measurement technology is straightforward, early experience suggests that there are significant challenges to analyzing the data, ranging from batch effects (artifacts induced by minor day to day variation in lab procedures) to the statistical and visualization challenges implicit in very large numbers of repeated measures in a limited number of samples. Furthermore, while it is relatively straightforward to identify which CpG sites are hyper-or hypo-methylated under a certain condition, it is much more difficult to associate this observation with a specific functional significance. The biological effect of a change in methylation status at a particular CpG or cluster of CpGs is often unknown or unpredictable based on our current understanding of the "methylation code. " While work with both rodents and humans has demonstrated the value of methylation changes in explaining how environmental inputs are translated to durable behavioral effects, the best examples of this sort of work have, so far, depended upon measurement of the methylation state of specific sites with known or clearly predictable functions (45, 98, 99) . How methylation state profiles across hundreds of thousands of sites should be correlated with underlying social inputs and health or behavior states remains an important topic for research. There is not yet a sufficiently large body of research using array technology to understand how reproducible these measurements and conclusions will be across sample sets, or whether signals detected with hybridization arrays will routinely be validated with sequencing-based approaches. Since the methylation state of differentiated tissues is highly specific, it is not clear how methylation profiles developed in circulating blood cells or saliva cells will provide information about changes in DNA from less accessible tissue such as brain, cells of the autonomic nervous system, or specific immune cells. This later point is a major challenge for the field that could be confronted thorough relatively straightforward experiments in mice and postmortem observations in humans.
Since the putative mechanism by which epigenetic changes such as DNA methylation affect phenotype is through modulating RNA expression, it is important to correlate methylation changes and mRNA levels. In addition, DNA methylationinduced changes in miRNA expression have been observed in several model systems, including cancer, but have not been examined in the context of social or behavioral epigenetics (100) . Are perturbations in DNA methylation associated with corresponding mRNA expression changes in the relevant genes? For cancer-related methylation abnormalities, there is a productive literature that indicates that this is sometimes (but not always) the case (101, 102) . Studies have also demonstrated that maternal protein restriction (in rats) is associated with DNA methylation changes and relevant modulation of mRNA expression in the offspring. Of interest, folic acid supplementation attenuated both changes (103) .
An important function of DNA methylation and other epigenetic marks is to confer cell-specific gene expression identity that is formed during embryonic development (4, 92, 104) . There is some evidence to suggest that saliva is both easier and potentially more closely related to brain methylation patterns than blood (92) . However, changes in those tissues' methylation patterns have not been thoroughly examined. Furthermore, even if the specific cell types' methylation profiles were perfectly or predictably correlated, it is important to recall that methylation signatures are usually drawn from a mixture of cell types. This means that fluctuations in cell type distribution can be a confounding variable (77, 105) . Studies that can account for cell distribution should do so whether with estimated cell distributions (95) or cells counted (e.g., via flow cytometry), with appropriate adjustments.
Will measuring epigenetic changes provide a target for intervening to attenuate the health effects of environmental stressors (70, 106) ? We have made reference to the observation that folic acid supplementation reverses changes in DNA methylation (and RNA expression) associated with maternal protein restriction (103) . If this approach can be translated to humans, would it be possible to intervene in a targeted way to ameliorate the fetal effects of maternal environmental or Review social stress? There is presently very little data to aid in evaluating the possibility of this sort of approach. Therapy designed to correct abnormalities in DNA methylation may be effective and is under clinical trial investigation for particular forms of cancer (such as mantle cell leukemia) that are characterized by significant abnormalities in DNA methylation (107) . It is possible that these approaches will be extended to other perturbations of epigenetics, including those imposed by adverse physical or social environments, but our understanding of how this could work is still rudimentary. It is much more likely that in the near future alterations in DNA methylation will serve as a biomarker or intermediate outcome measures for established treatments (105) . For example, Okada (108) found in depressed individuals that the level of promoter methylation of the 5-HTT gene (SLC6A) predicted magnitude of response to therapy, and BDNF methylation status could be a proxy marker for previous suicidal attempts and a clinical biomarker for poor treatment outcomes of suicidal ideation in depression (109) .
While a great deal of excitement surrounds the insight that social and external environments produce robust adverse effects in offspring through epigenetic mechanisms, the field still requires considerable maturation (3, 110) . A longitudinal study design with multiple time points of methylation data is important to assess the kinetics and direction of epigenetic changes, but this sort of data is unusual in human studies (62) . Making this issue more trenchant is that sensitivity to environmental effects is likely to vary during development and maturation (2) . Similarly, sample sizes are typically very small and not representative of any particular population. While epigenetic research has taught us a great deal about the mechanisms that underlie the interplay between environment, genetic endowment, and child health and wellbeing, the field is still very young, and there are likely to be many surprises.
SUMMARY
Epigenetic modifications, such as histone modifications and DNA methylation, are important in cellular differentiation and development because they enable cells with identical DNA to elicit differential transcriptional programs and adapt to environmental cues.
Environmental conditions such as maternal stress and parenting behavior affect DNA methylation during fetal development and throughout life.
Stress-associated behavioral phenotypes and psychopathology are correlated with altered DNA methylation of several genes, including regulators of the hypothalmic-pituitaryadrenal axis.
Although the connection between the environmental impact on the epigenome and child health and well being is only beginning to be deciphered, DNA methylation may someday be useful as a therapeutic target or biomarker to quantify or predict treatment response.
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